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SI (METRIC) UNIT CONVERSION FACTORS

The material contained in this report is presented primarily in terms of English units.
The following factors may be used to convert the measures used in this report between
the English units and the International System of Units (SI):

1 mile = 1.6093 kilometers

1 kilometer = 0.6214 miles

1 foot = 0.3048 meter

1 meter = 3.2808 feet

1 square foot = 0.0929 meters squared

1 meter squared = 10.764 square feet

1inch = 2.54 centimeters

1 centimeter = 0.3937 inches

Celsius temperature = (Fahrenheit temperature - 32) x 5/9
- Fahrenheit temperature = (Celsius temperature x 9/5) + 32

1 kilojoule = (.000278 kilowatt-hours

1 kilojoule = 1000 watt-seconds

1 kilojoule = 0.949 British Thermal Units

1 British Thermal Unit = 1.054 kilojoule

1 gallon = 4.405 liters

1 liter = 0.227 gallons
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Figure 1. Typical 40 Watt Photovoltaic Module
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electrical energy, which is stored in the batteries if its immediate use is not required. The
charge controller prevents overcharging or excessive depletion of batteries. The inverter
converts the dc energy to an ac form which is somewhat comparable to utility energy.

Batteries Inverter Light
Array and and and
Controller Switch Control

Figure 2. Schematic of Photovoltaic System

The detailed interconnection of the system is shown schematically in Figures 2a and 2b.
Note the diodes that prevent battery discharge through the photovoltaic modules in
periods of low sunlight.

Each array consisted of small photovoltaic modules interconnected through flexible con-
duit, using #12 Cu, THHN wire. Array circuitry depended on the vendor’s particular
hardware. The number of photovoltaic modules depended on the wattage of the modules
that were selected. The voltage of each module was compatible with a nominal 12-volt
system. Thus, the photovoltaic modules, protected by blocking diodes, were formed into a
12-volt system with the battery bank and charge controller.

The battery bank consisted of sealed lead acid batteries with negative plates of lead cal-
cium, each rated 13.5 volts, 54 amp hour capacity to 10.5 volts with a 48-hour discharge
rate. Each battery was capable of 1000 cycles to S0 percent depth of discharge and 500
cycles to 80 percent depth of discharge, at a 6-hour rate. The batteries were expected to
have a 5-year life if the maximum depth of discharge did not exceed 25 percent. Battery
interconnects were #4 Cu. For the designs described in this report, the batteries
provided sufficient storage capacity to power the load over a period of four nights in the
event that the intervening three days were to have limited solar insolation. It should be
noted that these lead calcium batteries are capable of withstanding much more scvere
electrical abuse, discharging more often and to greater depths of discharge than those
commonly used in automotive or industrial applications. They are structurally more
sound and they will absorb more physical abuse and thermal cycling than those that are
used for backup in fixed stations.
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Figure 2a. Electric Circuit Details, DC System
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Figure 2b. Electric Circuit Details, AC System
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The charge controller specification depended on the photovoltaic modules selected, but it
was capable of regulation to prevent overcharge of the batteries. Not all modules were

routed through the controller, allowing for equalizing current flow and also saving in the
sizing of the controller.

An inverter served to interface between the batteries and the lighting load. It was rated
at 500 watts 12 volts dc input, 120 volts 60 Hz output with a modified sine waveform. In-
verter wiring was #6 Cu, THHN on the dc side, and #12 Cu THHN in flexible conduit on
the 60 Hz side. A switch permitted choice of inverter power or utility power to the light
fixture. If a failure of the photovoltaic power supply occurred at the test site, the lighting
system could be manually switched to the utility power supply.

The array structures in the project were custom designed for each particular installation
site. The array structure detail depended upon both the dimensions of the photovoltaic
modules selected and the structure to which each was mounted. The structure was fabri-
cated primarily from hollow aluminum square and rectangular tubes (2 inches x 2 inches,
2 inches x 3 inches and 2 inches x S inches). Module attaching bolts were plated and com-
patible with the aluminum structure and the module framing materials.

Photovoltaic panels were installed with a tilt angle of S0 degrees from the horizontal,
facing south. The 50 degree tilt angle was used because it optimized performance of the
solar panels during the winter months - the time of year which is critical for system perfor-
mance. The winter is critical because there are fewer hours of sunlight to collect solar
energy and more hours of darkness requiring nighttime illumination. Tolerance in tilt
angle was +/- 5 degrees. East-west orientation was +/- 10 degrees from south,

These tolerances are very acceptable because, within these ranges, there is almost no im-
pact on the amount of energy produced by the solar panels. These liberal tolerances
greatly simplify installation in the field. This high tilt angle favored the December-
January period for energy production from the array. That period was the time of
greatest load for the street and sign lighting systems. See the fourth page of Appendix B.

The inverter, charge controller, diodes, and switch were enclosed in a NEMA 3R
enclosure. The batteries were placed on a shelf shaded by the array. The shelf was not

closed or weatherproofed, allowing easy ventilation of any hydrogen escaping from the bat-
teries.

For purposes of system testing, performance was monitored by measuring the state of

charge of the batteries. A termination suitable for a dc voltmeter was installed to
measure the state of charge of the batteries.
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